The kinetics of acetate utilization were examined for washed concentrated cell suspensions of two thermophilic acetotrophic methanogens isolated from a 58°C anaerobic digestor. Progress curves for acetate utilization by cells of Methanosarcina sp. strain CALS-1 showed that the utilization rate was concentration independent (zero order) above concentrations near (final pH, 6.8) at 60°C and 20 mM NaCl. After the second centrifugation, the cell pellet was suspended in an appropriate amount of BES-buffered medium and was dispensed in 10-ml amounts into 37-ml serum vials. The vials were sealed with butyl rubber stoppers (Bellco Biotechnology, Vineland, N.J.) and were brought out of the anaerobic chamber. The vial headspaces were flushed with 70% N2-30% CO2 (Matheson Gas Products, Secaucus, N.J.) and scrubbed over hot copper coils, and Na2S 9H20 and NaHCO3 were added to 0.1 and 1.0 g/liter, respectively. Sodium acetate was added to the desired concentration, and then all suspensions were incubated in a static water bath at 58°C, the temperature of the digestor from which they were isolated.
Acetate has been shown to be the precursor of two-thirds or more of the methane produced in mesophilic (4, 10, 13) and thermophilic (9, 21) anaerobic digestors. Two methanogenic genera, Methanosarcina and Methanothrix, are known to decarboxylate acetate to CH4 and CO2 (5) . Thermophilic isolates of Methanosarcina spp. (15, 22) and Methanothrix spp. (20) , as well as a rod-shaped thermophile called the TAM organism (1) , which may represent a novel genus, have been described previously.
Evidence supports a model in which Methanosarcina spp. can use acetate more rapidly than corresponding Methanothrix spp. when the concentration is high (i.e., a higher Vmax for acetate), while Methanothrix spp. are favored by low acetate concentrations (i.e., a lower apparent K,,, for acetate). For example, Schonheit et al. (11) found an apparent Km near 3 mM for acetate utilization by Methanosarcina barkeri Fusaro, while Huser et al. (3) estimated an apparent Km for growth of Methanothrix soehngenii Opfikon near 0.7 mM. Zinder et al. (21) found that Methanosarcina spp. were numerous in a 58°C anaerobic digestor soon after startup, when acetate concentrations were in the range of 2 to 5 mM, while Methanothrix spp. were numerous several months later, when acetate concentrations were 0.3 to 1.5 mM. In their studies on a thermophilic sludge blanket anaerobic bioreactor using acetate as a substrate, Wiegent and de Man (16) thermophilic acetotrophic methanogens isolated from a 58°C anaerobic digestor (22) .
Methanosarcina sp. strain CALS-1 (21) was grown at 58°C and Methanothrix sp. strain CALS-1 (20) was grown at 60°C in 1-liter bottles containing 500 ml of defined growth medium with 40 mM sodium acetate as the growth substrate (20) .
Mid-to late-logarithmic-growth-phase cultures were brought into an anaerobic growth chamber (Coy Laboratory Products, Ann Arbor, Mich.), and cells were washed with a clinical centrifuge in growth medium lacking acetate, sulfide, and bicarbonate but containing 20 mM BES [N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid] buffer (final pH, 6.8) at 60°C and 20 mM NaCl. After the second centrifugation, the cell pellet was suspended in an appropriate amount of BES-buffered medium and was dispensed in 10-ml amounts into 37-ml serum vials. The vials were sealed with butyl rubber stoppers (Bellco Biotechnology, Vineland, N.J.) and were brought out of the anaerobic chamber. The vial headspaces were flushed with 70% N2-30% CO2 (Matheson Gas Products, Secaucus, N.J.) and scrubbed over hot copper coils, and Na2S 9H20 and NaHCO3 were added to 0.1 and 1.0 g/liter, respectively. Sodium acetate was added to the desired concentration, and then all suspensions were incubated in a static water bath at 58°C, the temperature of the digestor from which they were isolated. For unlabeled acetate. When HPLC analysis had shown that nearly all of the acetate had been consumed, a second addition of acetate was made, along with ca. 4 ,uCi of 14CH3COO, and the initial acetate concentration was measured by HPLC. This procedure ensured that the 10-to 20-min initial lag in acetate utilization by the cell suspensions did not interfere with determining utilization kinetics. Remaining 14CH3COO-was monitored by taking 50-1LI samples and placing them, along with 100 ,ul of 1 M HCI to drive off bicarbonate as CO2, into 10 ml of ACS scintillation cocktail (Amersham) in scintillation vials and counting samples with a LS-230 liquid scintillation counter (Beckman Instruments, Inc., Fullerton, Calif.). 14C-label in selected samples was fractionated by using a Bio-Rad HPX-87H HPLC column, as previously described (18) .
Protein was released from cell suspensions by disruption for several minutes with 0.5-mm glass beads (VWR Scientific, Rochester, N.Y.) with a vortex Genie mixer (Fisher Scientific Co., Rochester, N.Y.) until no intact cells were seen in samples viewed by phase-contrast microscopy. Cell protein was assayed by the Coomassie brilliant blue method with reagents purchased from Bio-Rad. The protein standard was bovine serum albumin, and all protein values were corrected for the anomalously high absorbances given by bovine serum albumin, as described in the instruction manual accompanying the Bio-Rad reagents. Figure 1 shows a representative progress curve for acetate utilization by a concentrated cell suspension of Methanosarcina sp. strain CALS-1. After an initial lag, acetate was consumed until it reached a concentration slightly greater than 1 mM, at which point acetate consumption ceased. Since the cessation could have been due to nutrient depletion or adverse conditions, a second addition of sodium acetate was made. After a brief lag, this acetate was consumed at a similar initial rate, followed by cessation at a similar concentration. Until acetate concentrations of 3 to 4 mM were reached, acetate disappearance was zero order (linear). Attempts to fit these results to the MichaelisMenton equation in the integrated and nonintegrated forms (12) failed. Even if the threshold value was arbitrarily defined as zero, a fit to Michaelis-Menton kinetics was not obtained unless a high degree of cooperativity was invoked (12) . This was because the rate of decrease of utilization with Schonheit et al. (11) found that progress curves for acetate uptake by the mesophile Methanosarcina barkeri Fusaro did follow Michaelis-Menton kinetics and no threshold was described, although this may be because the progress curve presented was terminated when values near 1 mM were reached. The differences between their results and ours may represent differences in growth and assay conditions or strain differences. As an example of the latter, Yang and Okos (17) (22) versus that for Methanothrix sp. strain CALS-1 (1.1 g [dry wt] mol of CH4-') (20) . That the acetate threshold concentration values vary from experiment to experiment for each organism suggests that physiological factors, as well as thermodynamic considerations, can play a role in determining the actual threshold concentrations for acetate utilization. Furthermore, the threshold for acetate utilization by Methanosarcina sp. strain CALS-1 did not change after a second addition of acetate (Fig. 1) 
